Gbx-2 is a homeobox gene essential for normal development of the midbrain and the anterior hindbrain. Zebrafish gbx-2 shares an overall similarity of 67.8, 68.1, 60.6 and 66.5% in amino acid sequence to human, mouse, chick and Xenopus Gbx-2, respectively. The expression of zebrafish gbx-2 is initially, before the completion of epiboly, restricted to the prospective posterior midbrain. The expression remains detectable until the end of pharyngula period. The gbx-2 mRNA is also detected in the otic vesicles, the dorsoposterior telencephalon, the rostral branchial arches, the pronephric duct and median fin fold. q
Results and discussion
Gbx-2 is a member of the homeobox gene family and has been identified in mammalian, avian and amphibian species. During embryogenesis in vertebrate species studied, Gbx-2 is expressed in the isthmic region at the boundary between the midbrain and hindbrain (Bouillet et al., 1995; Niss and Leutz, 1998; Shamim and Mason, 1998; von Bubnoff et al., 1996) , which is thought to be a signaling center directing the development of the midbrain and the anterior hindbrain. Mouse embryos homozygous for a loss-of-function allele of Gbx-2, generated by gene knockout, show abnormalities in morphology and molecular character in the posterior midbrain, the isthmic region and the first three rhombomeres (Wassarman et al., 1997) . Ectopic expression of Gbx-2 in the posterior midbrain of mouse, in which Gbx-2 is not expressed normally, results in shift of the isthmic signaling center rostrally (Millet et al., 1999) . These results indicate that Gbx-2 is required for the establishment of a normal isthmic organizer. However, Gbx-2 expression is also detected in the other embryonic sites such as the forebrain, the otic vesicle, tail bud and limb bud (Bulfone et al., 1993; Niss and Leutz, 1998; Shamim and Mason, 1998; von Bubnoff et al., 1996) , suggesting that Gbx-2 may play a role in the patterning of other tissues.
We have identified zebrafish gbx-2 cDNA during screening of tissue-specific genes by in situ whole-mount hybridization. Zebrafish gbx-2 cDNA, 2150 bp in length, encodes a putative protein of 342 aa, which is almost identical to that deduced from the gbx-2 genomic sequence deposited in the GenBank (accession number AF288762) except a substitution at position 26 and an insertion at position 171. This protein shows an overall similarity of 67.8, 68.1, 60.6 and 66.5% in amino acid sequence with human, mouse, chick and Xenopus Gbx-2, respectively. The homeobox domain at C-terminus is most conserved between the different species. The proline-rich domain at N-terminus, a potential transcriptional activation domain, also shows a high degree of conservation (Fig. 1) .
Whole-mount in situ hybridization first detected the transcripts of gbx-2 in two faint transverse bands with a gap in the midline at the rostral 1/3 of the embryo at the 90% epiboly stage ( Fig. 2A) . As the development continues, the medial portion of the two bands moves mediocaudally and merges at the midline to become a single V-shaped band (Fig. 2B ). The band eventually straightens up around the 6-somite stage and thereafter becomes sharp and transverse ( Fig. 2G,I ). During the pharyngula period, this band is clearly located in the caudal border of the midbrain and adjacent to the anterior border of the hindbrain (Fig. 2Q ). As zebrafish pax2 is a known early molecular marker of the posterior midbrain (Krauss et al., 1991) , we performed a double in situ hybridization to simultaneously detect gbx-2 and pax2 mRNAs. As shown in Fig. 2C ,H, the transverse expression domain of gbx-2 overlaps that of pax2, confirming that early gbx-2 expression domains represent the posterior region of the prospective midbrain. The expression (02)00011-4 www.elsevier.com/locate/modo of gbx-2 in the posterior midbrain becomes undetectable after 2 days of development. The early expression pattern of zebrafish gbx-2, as described above, is different from that of Gbx-2 in the other studied species in two aspects. Firstly, the early expression of zebrafish gbx-2 is restricted to one definite domain whereas the transcripts of Gbx-2 in mouse, chicken and frog are detected in more domains at early embryonic stages. Secondly, the expression of zebrafish gbx-2 in the isthmic region is restricted to the posterior midbrain while the rostral border of the expression domain of Gbx-2 in the other species is eventually located in the cerebellum or the first rhombomere.
Like Gbx-2 in other vertebrate species (Hidalgo-Sanchez et al., 2000) , zebrafish gbx-2 is also expressed in the otic vesicle. The expression in the otic primordia is first detected at the onset of segmentation as a pair of lateral longitudinal bands (Fig. 2B ) and later overlaps that of pax2 (Fig. 2H) . During pharyngula period, only medial portion of the otic vesicle has a high level of gbx-2 expression (Fig. 2N,P,R) . Mice homozygous for the deficiency of Gbx-2 show abnormal otocysts, suggesting an important role of Gbx-2 for development of ear. In zebrafish, the function of gbx-2 may be also required for otic development.
Beginning around 14-somite stage, gbx-2 is expressed in the telencephalon as a pair of lateral, longitudinal bands (Fig. 2G,I ). Double labeling with dlx2, a gene expressed in the ventroposterior telencephalon and the rostral diencephalon (Akimenko et al., 1994) , reveals that gbx-2 expression occurs in the dorsoposterior telencephalon (Fig. 2K) . The telencephalon expression becomes very weak by the end of segmentation. Gbx2 expression in the diencephalon have been previously reported in chicken but not in mouse (Niss and Leutz, 1998) .
Similar to mouse and chicken Gbx-2 (Shamim and Mason, 1998; Wassarman et al., 1997) , zebrafish gbx-2 is expressed in neural crest cells destined for the pharyngeal arches. The expression first appears as two domains ventrolateral to the otic vesicles at the 18-somite stage and remains until the end of the pharyngula period (Fig. 2J,N ,P,R). Double labeling with dlx2, which is expressed in the mandibular, hyoid and branchial arches (Akimenko et al., 1994) , shows that the gbx-2 domain overlaps the rostral part of the dlx2 domain in the branchial arches (Fig. 2L) , suggesting that gbx-2 may be involved in the formation of the first or the first two branchial arches.
Zebrafish gbx-2 expression also occurs in the pronephric duct and median fin fold, which have not been reported in the other species. The expression in the pronephric duct starts in two lateral longitudinal bands at the 10-somite stage (Fig. 2D,F) , and overlaps that of pax2 (Fig. 2E) . However, gbx-2 expression in this tissue maintains for a shorter period than the pax2 expression since it becomes almost undetectable by 14 somites. By 24 h, gbx-2 is expressed in the median fin fold with a stronger expression level in the caudal tip and the ventral midline (Fig. 2O) .
As described above, most of tissues or organs that express gbx-2 in zebrafish embryos are included among the expression domains that have been previously reported in the other species. It suggests that Gbx-2 is conserved not only in protein sequence but also in biological function.
Methods
Antisense RNA probes were generated by in vitro transcription using zebrafish full-length gbx-2 cDNA as a template. Whole-mount RNA in situ hybridizations were performed essentially using the protocol described by Westerfield (1995) . Double labeling was performed using a protocol described previously (Meng et al., 1999) . Fig. 1 . Alignment of zebrafish, human, mouse, chicken and frog Gbx-2. Identical amino acid residues are shaded. The homeobox domain is underlined. The amino acid sequences of human, mouse, chicken and frog Gbx-2 (AAA79290) were obtained from the GenBank database with accession numbers AAD39907, S52720, AAB82710 and AAA79290, respectively. 
